This study used a previously described multiplex PCR-based reverse line blot (mPCR/RLB) assay to assess the prevalence and distribution of 14 urogenital pathogens or putative pathogens, namely Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma genitalium, Mycoplasma hominis, Trichomonas vaginalis, Gardnerella vaginalis, Ureaplasma parvum, Ureaplasma urealyticum, Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, herpes simplex virus types 1 and 2, and human adenovirus. First-voided urine specimens and endocervical and self-collected vaginal swabs from each of 216 women attending three sexual health clinics in Sydney, Australia, were tested and the results were compared with those of reference methods for each organism. One hundred and sixty-eight women (77.7 %) had at least one and 105 (48.6 %) had more than one target organism, most commonly G. vaginalis and Ureaplasma spp. The prevalence of each of the four known sexually transmissible pathogens was ,5 %. Of the 216 women, 111 (51.4 %) reported at least one symptom consistent with genital or urethral infection, including discharge, pain or discomfort. Only G. vaginalis was detected more frequently in women with symptoms (P50.05). The specificity of the mPCR/RLB assay compared with that of the reference methods for each organism and for all specimen types was 100 %. The mean sensitivities of the mPCR/RLB assay compared with those of the reference methods for self-collected vaginal swabs, cervical swabs and first-voided urine specimens for all organisms were 99.3, 98.1 and 84.6 %, respectively; however, these differences were not significant. There were no differences in sensitivities between specimen types for C. trachomatis, N. gonorrhoeae, T. vaginalis and H. influenzae, although all were found infrequently. Overall, the mPCR/RLB platform was found to be an accurate testing platform in a sexual health clinic setting.
INTRODUCTION
Pelvic inflammatory disease, infertility, ectopic pregnancy, chronic pelvic pain, neonatal morbidity and mortality, and genital cancer have been assumed to be associated with sexually transmitted infections (STIs), although in many cases the exact pathogens are unknown (Simms et al., 2003) . Although STIs can cause a variety of urethral and vaginal symptoms, many occur without symptoms. For example, up to 70 % of men and women with gonococcal and/or chlamydial infections are symptom-free (Stamm, 1993) . This potential for undiagnosed infection has significant implications for individual and population health. Both symptomatic and asymptomatic infections can cause serious complications.
IP: 54.70.40.11
On: Thu, 03 Jan 2019 00:26:39 A wide range of organisms have been implicated in symptomatic urethritis in males (Bradshaw et al., 2006; Couldwell et al., 2010; Foo et al., 2004) and various genital syndromes in women. However, additional epidemiological studies are needed to determine the significance of organisms other than the recognized genital pathogens in vaginal syndromes.
The high sensitivity of PCR allows the use of various genital specimen types, including endocervical swabs, self-collected vaginal swabs and urine samples, for simultaneous detection of genital pathogens. Some of these specimens can be collected without the need for clinical examination, thus increasing their potential usefulness in screening programmes.
We previously developed a multiplex PCR-based reverse line blot (mPCR/RLB) assay (McKechnie et al., 2009) , which allows simultaneous amplification of multiple targets. PCR products are identified by hybridization with target-specific probes on a membrane, which increases the sensitivity and allows the detection and identification of 14 microbial species (and potentially up to 43) in up to 43 clinical specimens simultaneously.
The aims of the current study were to investigate the utility of this mPCR/RLB assay for the simultaneous detection of 14 genital pathogens or potential pathogens in different types of genital specimens and to determine their prevalence in women attending three sexual health clinics in Sydney, Australia.
METHODS
Study population and clinical specimens. The study population comprised consecutive female patients with and without vaginal symptoms attending the Parramatta Sexual Health Clinic, Clinic 16 at the Royal North Shore Hospital and the Manly Sexual Health Clinic in Sydney, Australia. The sample size was calculated with reference to the World Health Organization guidelines for STI prevalence surveys (WHO, 2007) . The prevalence of Chlamydia trachomatis is estimated to be approximately 5 % in the population of women attending sexual health clinics in Australia (Vajdic et al., 2005) . A sample size of 203 women would be required to measure the prevalence of C. trachomatis within ±3.0 % using a 95 % confidence interval (CI) calculation. Women who were unwilling or unable to provide informed consent, were under the age of 18, were pregnant or who had no cervix were excluded. A 'case' was defined as a woman reporting one or more of the following symptoms: vaginal discharge, vaginal irritation, dysuria, urinary frequency or pelvic pain. A 'control' was a woman with none of these specific symptoms but who presented to the clinic during the study period.
Demographic and behavioural characteristics were recorded using a questionnaire completed by a healthcare worker. Specimens tested were healthcare worker-collected endocervical swabs, first-voided urine specimens and self-collected vaginal swabs. Verbal instructions by a healthcare worker and an instructional diagram were used to aid in the collection of vaginal swabs (Rose et al., 2007) , which involved inserting the swab 5 cm into the vagina and rotation prior to removal. All specimens were stored at 4 uC at the local laboratory and transported in batches, in a cool box, to the Centre for Infectious Diseases and Microbiology. They were then stored at 4 uC until DNA extraction, which was performed within 48 h of collection.
Swab sticks were placed in tubes containing 100 ml lysis buffer, rotated 10-15 times and then treated as described previously for urine specimens (McKechnie et al., 2009) , using a Roche COBAS Amplicor extraction kit (Roche Diagnostics Australia). Extracts were stored at 4 uC if PCR was to be performed within 24 h or at 270 uC until further analysis.
Laboratory testing. Testing and validation of the mPCR/RLB assay using clinical isolates and reference strains of target organisms has been described previously (McKechnie et al., 2009) . The 14 target species were: Neisseria gonorrhoeae, Chlamydia trachomatis, Mycoplasma genitalium, Mycoplasma hominis, Trichomonas vaginalis, Gardnerella vaginalis, Ureaplasma parvum, Ureaplasma urealyticum, Neisseria meningitidis, Streptococcus pneumoniae, Haemophilus influenzae, herpes simplex virus type 1 (HSV-1) and HSV-2, and adenovirus. Briefly, extracted DNA from each specimen was amplified by mPCR using biotin-labelled primers, and the amplicons were hybridized to corresponding probes fixed in rows on a labelled nylon membrane. Identification was by chemiluminescence, generated by the reaction between hybridized, biotin-labelled amplicons and streptavidin-horseradish peroxidase conjugate and the subsequent addition of substrate.
Reference methods, including culture and/or single-target PCR (sPCR), were also performed as described previously and their specificity was validated (McKechnie et al., 2009) . sPCRs for nine micro-organisms were performed using the same primers as in the mPCR. The targets of the sPCRs for T. vaginalis, HSV-1 and -2, M. genitalium and human adenovirus were different from those used in the mPCR.
Data analysis. All analyses were performed using SPSS software, version 17.0. The demographics of cases and controls were compared using a x 2 or Fisher's exact test, as appropriate. All tests performed were two-sided and were considered significant for a value of P,0.05. Univariate associations between each target organism and demographic/behavioural factors were assessed using Pearson's x 2 test. Variables significantly associated with the detection of each target organism were considered for multivariate analysis. However, due to the small number of significant findings, multivariate analysis could not be performed.
RESULTS

Subject characteristics
Between July 2008 and June 2009, 1807 (1031 at the Parramatta Sexual Health Clinic and 776 at the Royal North Shore Hospital and Manly Sexual Health Clinic) women attended the sexual health clinics and a total of 216 (12.0 %) women were recruited for the study. Reasons for exclusion were not recorded. All 216 women completed the questionnaire and provided all three specimens. The ages of the 216 participants ranged from 18 to 65 years (mean 29 years, median 27 years). Four participants (1.9 %) were aged 18-19 years, 46 (21.3 %) were 20-24 years, 89 (41.2 %) were 25-29 years, 36 (16.7 %) were 30-34 years and 41 (19.0 %) were over 35 years of age.
Demographic and behavioural characteristics
Data on sex work, previous STI diagnoses and the sexual activities of the women are shown in Table 1 . Just over half of the women reported some form of contraception use, of mPCR/RLB assay for urogenital micro-organisms in women which the oral contraceptive pill (OCP) was the most commonly used. No contraceptive method, individually, was significantly associated with the detection of any target organism, although the study was not powered to detect such associations. However, women who reported use of any type of contraception, including OCP, were significantly less likely to have one or more target organisms detected than those using no contraception (89/120 vs 79/96; P50.05).
Symptoms
Of the 216 women enrolled in the study, 111 (51.4 %) reported one (63, 29.2 %) or more (48, 22.2 %) symptoms: vaginal discharge, 61 (55.0 %); vaginal itch or irritation, 57 (51.4 %); dysuria, 16 (14.4 %); urinary frequency, 12 (10.8 %) and/or pelvic pain, 25 (22.5 %). Eleven women (9.9 %) reported other symptoms including genital lumps, abnormal vaginal odour, cysts and abnormal vaginal bleeding.
Prevalence of target organisms
At least one target organism was detected in 168 women (77.8 %), and more than one in 105 women (48.6 %). The highest rate of detection of target species was in women aged 20-29 years (105/168; 62.5 %). One or more target species were identified in at least one specimen from 91/111 women (82.0 %) with vaginal symptoms and 77/105 asymptomatic women (73.3 %). Two or more target organisms were identified in 59 symptomatic women (53.2 %) and 46 asymptomatic women (43.8 %) (differences not significant). The most frequently detected species were G. vaginalis, Ureaplasma spp. and M. hominis. All recognized sexually transmissible pathogens -N. gonorrhoeae, C. trachomatis, M. genitalium, T. vaginalis and HSV -were identified infrequently (all ,5 %). The most commonly detected of these was C. trachomatis (3.7 %); all positive results were in women aged ,34 years (8/8; 100 %). Fig. 1 shows the prevalence of each micro-organism by symptom status. G. vaginalis and U. parvum had the highest prevalence rates of 50.9 % (110/216) and 47.7 % (103/216), respectively. G. vaginalis was detected significantly more frequently in women with symptoms than in those without (62/111 vs 48/105; P50.05). There were no significant differences in detection rates between symptomatic and asymptomatic women for any other micro-organism. Table 2 shows the prevalence of each species by age. C. trachomatis, N. gonorrhoeae, M. genitalium and U. urealyticum were detected more frequently in women aged ,25 years than in any other group. However, the differences were not significant.
Twenty-five of 27 women in whom M. hominis was detected also had G. vaginalis detected (P,0.001) and over half of these women (15/25; 60.0 %) had vaginal symptoms.
Specimen types and performance
The sensitivity and specificity of the mPCR/RLB method were compared with those of reference methods for each specimen type and each target species (Table 3) . Positive mPCR/RLB results were confirmed by reference methods for all species in all specimen types, i.e. the specificity was 100 %. The overall sensitivities of the mPCR/RLB assay for all target organisms were 99.3, 98.1 and 84.6 % for self-collected vaginal swabs, endocervical swabs and first-voided urine specimens, respectively. Endocervical swabs were the most sensitive specimen type for the detection of M. genitalium, U. urealyticum, U. parvum and G. vaginalis by the mPCR/RLB assay. Self-collected vaginal swabs were the most sensitive for the detection of M. hominis and HSV-1. However, none of these differences was statistically significant for individual species.
DISCUSSION
The mPCR/RLB assay detected a wide range of potential genital pathogens in healthcare worker-collected cervical swabs, self-collected vaginal swabs and first-voided urine specimens from women attending sexual health clinics in Sydney. By careful comparison of results with those of Fig. 1 . Detection of 14 urogenital organisms from any specimen from women with and without vaginal symptoms. Numbers on the bars indicate the percentage of women with the specified target organism detected out of 111 symptomatic women and 105 asymptomatic women; the y-axis shows number of women positive for each organism. G. vaginalis was detected significantly more frequently in women with vaginal symptoms than in women without symptoms (P,0.05). Multiple species were identified in some women. HSV-2, human adenovirus, N. meningitidis and S. pneumoniae were not detected in any specimens. There were no significant differences in the prevalence of target organisms between different age groups.
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.35 (n541) mPCR/RLB assay for urogenital micro-organisms in women reference methods for individual organisms, we demonstrated that this assay had high levels of sensitivity and specificity.
Overall, 202 target organisms were detected in 91/111 symptomatic women (82.0 %) and 177 organisms in 77/ 105 asymptomatic women (73.0 %). Multiple organisms were identified in approximately equal numbers of women with and without symptoms. No mixed infections with C. trachomatis and N. gonorrhoeae were detected. The highest rates of detection were in the 20-29-year age group, which corresponds with the age of highest risk for STIs . The most commonly detected organisms were G. vaginalis (50.9 %), U. parvum (47.7 %) and U. urealyticum (25.0 %) at rates comparable to those reported by others among similar populations (Fox et al., 1999; Volgmann et al., 2005; Wang, 2000) .
The prevalence of C. trachomatis was 3.7 %; all cases were in women under the age of 34. This is similar to that in a sample of women attending general practices in Melbourne (Hocking et al., 2006) . Chlamydia was detected in similar proportions of women with and without symptoms. Of the four symptomatic women with C. trachomatis detected, two reported vaginal discharge and two complained of vaginal irritation and itch. However, three of these women were co-infected with other organisms.
Both M. hominis and G. vaginalis are strongly associated with bacterial vaginosis (Rosenstein et al., 1996) . In our study, most women in whom M. hominis was found also had G. vaginalis (P,0.001) and over half of them had vaginal symptoms. In contrast, M. hominis itself was detected equally in women with and without vaginal symptoms.
G. vaginalis was detected in a greater proportion of symptomatic patients than controls, although vaginal discharge was the only symptom that was significantly associated with it (P50.002).
The most commonly reported contraception method was the OCP, as reported in women generally in Australia . Only 14 % of the women reported condom use, which is lower than reported for the general population (21.4 %; Richters et al., 2003) . However, in response to questions about their sexual history, 48 women (22.2 %) reported using condoms during vaginal sex. This Table 3 . Performance of the mPCR/RLB assay compared with the reference method for each organism HSV-2, human adenovirus, N. meningitidis and S. pneumoniae were not detected in any specimens. suggests that the reported contraceptive use may be unreliable. Close to half of all participants reported no contraceptive use. Overall, women who reported the use of any type of contraception were less likely to have a target organism detected than women using no contraception (P50.05). The reason for this is not clear, as a higher rate of infection or colonization with sexually transmissible organisms would be expected in women using non-barrier contraceptive methods such as the OCP, which was the most commonly used method.
In this study, using sPCR as the gold standard, first-voided urine specimens from women had the lowest overall sensitivity (84.6 %) when compared with endocervical (98.1 %) and self-collected (99.3 %) vaginal specimens. Using the mPCR/RLB assay and cervical swabs as the gold standard, the sensitivities of first-voided urine and selfcollected vaginal swabs were 93.5 and 95.9 %, respectively.
Naturally, sensitivities and specificities in different specimens varied for different organisms. For example, the mPCR/RLB assay was more sensitive in detecting M. hominis and G. vaginalis in self-collected vaginal swabs than in first-voided urine from the same women, whereas it was more sensitive for first-voided urine specimens than self-collected vaginal swabs for detecting Ureaplasma spp.
Many authors have advocated the use of self-collected vaginal swabs for the detection of Chlamydia and other STIs, as they are more acceptable, convenient and effective, and increase the rate of screening when compared with endocervical swabs collected by healthcare workers (Nelson et al., 2003; Skidmore et al., 2006; Tanaka et al., 1998; Thomas et al., 1998) . In addition, unlike urine specimens, self-collected vaginal swabs do not require stringent transport requirements, may be transported at room temperature to the laboratory and do not require centrifugation or incubation processing steps. Therefore, they are less susceptible to false-negative PCR results due to transport or processing issues compared with urine specimens.
Recent studies have shown that PCR testing for Chlamydia using self-collected vaginal swabs is just as sensitive as using endocervical specimens (Garrow et al., 2002; Schachter et al., 2003) . Detection rates of target organisms using self-collected vaginal swabs in this study were similar to those for endocervical specimens. For M. hominis and HSV-1 detection, vaginal swabs were more sensitive than urine or endocervical specimens.
This study had a number of limitations. It was based on a convenience sample of women attending three sexual health clinics in Sydney who were classified as 'cases' and 'controls' only on the basis of self-reported symptoms. However, the main aim of the study was to assess the utility of the mPCR/RLB method to identify a fairly large number of putative genital pathogens simultaneously. Their prevalence in this population and the relationships of individual organisms to selected clinical and demographic characteristics were also assessed. Interpretation of the clinical significance of these pathogens in individual women would require more detailed clinical and microbiological data, especially microscopy of wet preparations and Gram stains of genital smears.
We showed that the mPCR/RLB assay is sensitive and specific for detection of a wide range of organisms in all types of specimen used in this study. Different sexual networks were analysed including a small proportion of samples from sex workers. The poor correlation between the detection of these organisms and behavioural characteristics typically associated with sexual transmission could suggest that other factors may be involved in their acquisition. Many of these organisms have been implicated in the development of non-gonococcal urethritis in males. In women, the potential pathological effects of infection with C. trachomatis, N. gonorrhoeae, T. vaginalis, HSV, S. pneumoniae and recently M. genitalium (Jensen et al., 2004; Manhart et al., 2007) , and the association of G. vaginalis in bacterial vaginosis, have been established. However, the pathogenic potential of U. urealyticum, U. parvum, H. influenzae, N. meningitidis and human adenovirus in the female genital tract remains the subject of ongoing research. It is hoped that the results of this study will add to the body of evidence published to date on the epidemiology of these microorganisms in these anatomical sites.
The mPCR/RLB assay is a user-friendly testing platform suitable for use in sexual health clinics and possibly in community settings. It is possible to investigate the presence of a wide range of potential pathogens in women who decline a physical examination. Further investigations using this technology may allow a greater understanding of the roles of other organisms in the development of conditions such as acute pelvic inflammatory disease, in which the pathogens are frequently not identified using current testing methods.
